floxed-out body, and 3′ arm were as follows. A PCR kit (GoTaq® Green Master Mix, M7123; Promega) was used for this purpose. The 5′ arm was cloned using the forward primer 5′-ACATCCCAGGGGCCAGACTCAAGAGCTCACTTTGTCGTGACTATTCCTTCGT CGACGCTCTCCTGAGTAGGACAAATC-3′ and reverse primer 5′-ACTCCAACAACTGGATTCTATTTGGAAACTCCTAGTCTCTTAGGACAAAAGCT AGCTCACAGCTTGTCTGTAAGCGGATG-3′; the floxed-out body was cloned using the forward primer 5′-CCAATCTCCCATCTGTGGCTGTACGAGGAATTTCCAAATAGGATTATGTGCCG CGGGCTCTCCTGAGTAGGACAAATC-3′ and reverse primer 5′-CATTTGGGCCCTTCAGAAGCTTAATTTTCCAAGTACCTTAAAAGGAACTTGTT TAAACTCACAGCTTGTCTGTAAGCGGATG-3′; and the 3′ arm was cloned using the forward primer 5′-AATTGTTTTAAATATTAATCTTGTTTTATTGTCTTATCAGCAAATTATCAGCGGC CGCGCTCTCCTGAGTAGGACAAATC-3′ and reverse primer 5′-GTAACCAGACCCAAGTGAACCACACGGTTCTGCACTTCTACCGCTGCATGGC GCGCCTCACAGCTTGTCTGTAAGCGGATG-3′.
Targeted ES clones were selected by Sothern blotting and PCR using the probes and primers described below, and microinjected into 8-cell stage ICR embryos.
These injected embryos were transferred into pseudopregnant ICR females. The resulting chimaeras were bred with C57BL/6 mice, and heterozygous offspring were identified by Southern blotting (Supplementary Fig. S1b ) and PCR ( Supplementary Fig.   S2 ) using the same probes and primers used for selecting targeted ES clones.
The probes used in the Southern blotting were as follows: the 5′ probe (1002 bases) was generated by PCR using the forward primer 5′-AGGTATCCTCCTTGAGACAGTGG-3′ and reverse primer 5′-GTTAGATAGGAAGTACCCATCGT-3′ with mouse genomic DNA as a template; the 3′ probe (1122 bases) was generated by PCR using the forward primer 5′-TCACCATGAACGAGCCAAACACA-3′ and reverse primer 5′-GGGAGGCCTATCAAGAGATAGAG-3′ with mouse genomic DNA as a template; and the Neo probe (877 bases) was generated by PCR using the forward primer 5′-CATTCTGCACGCTTCAAAAGCGCACG-3′ and reverse primer 5′-ACTCGTCAAGAAGGCGATAGAAGGCG-3′ with the targeting vector plasmid DTApA/conditional KO FW as a template.
The primers used for genotyping PCR (GoTaq® Green Master Mix, M7123; Promega) were the forward primer KL-F1 (5′-GGATGGTGGGCCAAGATACTAAGG-3′) and the reverse primer KL-R1 (5′-CAATCTCCCATCTGTGGCTGTACG-3′) for the wild-type (WT) allele, and the forward primer KL-F1 and the reverse primer Neo-R (5′-AATTAAGGGCCAGCTCATTCCTCC-3′) for the targeted allele (Kfn allele), yielding 226 bp and 325 bp products, respectively. The PCR conditions were as follows: an initial cycle at 94 °C for 2 min, 35 cycles at 94 °C for 30 s, 60 °C for 30 s, and 72 °C for 1 min, and a final cycle at 72 °C for 10 min. The heterozygous mice were then crossed with C57BL/6 mice carrying the CAG-FLPe transgenic gene encoding flippase (RIKEN BRC, Tsukuba, Japan) to eliminate the neomycin-resistance gene flanked with two Frt sequences. The αKlotho flox allele (Kf allele) was identified by PCR using the forward primer KL-F1 and reverse primer KL-R1, yielding a 402 bp product.
To confirm whether the floxed allele can be precisely recognised by Cre recombinase, we mated the floxed αKlotho mice with a transgenic CAG-Cre mouse ubiquitously expressing Cre driven by the chicken β-actin promoter/enhancer to generate αKlotho KO mice (αKlotho flox/flox ;CAG-Cre) 2 . αKlotho KO was identified by PCR using the forward primer KL-F1 and reverse primer KL-R2 (5′-CAATGTAGATGAGCGACTGCGAGTCC-3′), yielding a 519 bp product We screened the ES cells electroporated with the target vector for recombinant cells. More than ten recombinant ES clones were selected by performing Southern blotting with the 5′ and 3′ probes of the region that are described below, and PCR using several pairs of primers described below (primers FR4-F1, FR4-R1, FR4-F2, FR4-R2, and Neo-F) encompassing the targeted region.
The probes used in Southern blotting were as follows: the 5′ probe (794 bases) was generated by PCR using the forward primer 5′-ATAGCTAGGAGCTCTGCAGATGGC-3′ and reverse primer 5′-CCTTCTTCTGCTGTGTCTGAGAGC-3′ with mouse genomic DNA as a template; the 3′ probe (693 bases) was generated by PCR using the forward primer 5′-CTACATCCCTAGCCCGAAAGGCTTC-3′ and reverse primer 5′-ACAGATGGGGATCTGCAGGGTTAGC-3′ with mouse genomic DNA as a template;
and the Neo probe (877 bases) was generated by PCR using the forward primer 5′- Fig. S6d ).
Suppression of PTH secretion by calcium following long-term parathyroid culture
Parathyroid glands were cultured in dishes as collagen gel-coated tissues as described in the main text. The calcium concentration in the medium was changed to 0.95 mM or 1.5 mM after overnight preincubation in the same medium with 1.0 mM calcium and a subsequent 2-h incubation for the measurement of basal PTH secretion.
The medium was exchanged every 24 h, and the secretion of PTH was quantified on the fourth day. The ratio of 24-h secretion versus 2-h basal secretion is shown in Supplementary Fig. S7 (5.8 ± 3.7 [mean ± SD], n = 4, at 0.95 mM calcium vs 2.5 ± 1.7, n = 5, at 1.5 mM calcium, P < 0.05). PTH secretion was suppressed by the high extracellular calcium concentration.
Viability of parathyroid cells after long-term culture
Parathyroid glands derived from non-cKO and cKO mice with either Fgfr1-3
or αKlotho gene were cultured as described above, and incubated with or without FGF23 (100 ng/ml) for 4 days. The percentage of apoptotic cells is shown in Supplementary Fig. S8 . The apoptotic cell ratio was less than 0.5% in all groups Parathyroid glands were cultured as described in the main text, except that the calcium in the medium was changed to two different concentrations (0.95 and 1.5 mM) following preincubation at 1.0 mM calcium. The ratio of 24-h PTH secretion on the 4th day of culture versus basal 2-h PTH secretion in 1.0 mM calcium is shown. The ratio representing incubation at 0.95 mM calcium was 5.8 ± 3.7 (mean ± SD), n = 4, and the ratio representing incubation at 1.5 mM calcium was 2.5 ± 1.7, n = 5. *P < 0.05. 
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